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The transmission lines for ECH on LHD consist mainly 
of corrugated waveguides with diameter of 88.9 mm. Due to 
the movements of LHD during cool-down etc., several miter 
bends and expansion sections are integrated into the line near 
the LHD vacuum vessel or cryogenic bell jar to avoid bend-
ing and stress of the waveguides. Additionally, the 168 GHz 
lines incorporate mode-converting waveguide steps to pro-
duce a flat power distribution on the BN windows and back-
conversion using profiled mirrors. All these components lead 
to additional loss and increase the risk of arcing. 
Therefore, the replacement of the waveguides by quasi-
optical transmission is considered between the last support 
fixed to the experimental hall and the vacuum windows fixed 
to the ports. The length of the required mirror lines ranges 
from 6 to 15 meters. Solutions for an optical transmission 
line working at 82.7 GHz between the bridge carrying the 
waveguides for the upper ports and the port 5.5 are described 
here. Due to the movement of the torus, part of the mirrors 
needs to be remotely aligned. If the alignment problems can 
be solved, the beam waveguide should lead to a high reliabil-
ity. One of the promising method is proposed and described 
elsewhere 1) • 
The phase slippage between any two Gaussian beam 
modes is a multiple of the slippage of the fundamental Gaus-
sian beam. Therefore, a beam waveguide (BWG) consist-
ing of several mirrors has imaging characteristics, if the to-
tal phase slippage of the fundamental beam from the input 
to the output is 2kx 180 degrees for an identical image and 
(2k+l)xI80degrees for a mirrored one, where k is an inte-
ger number. A special case is the confocal BWG, for which 
the phase slippage between adjacent focal planes is equal 
to 90 degrees. This means that any confocal BWG with an 
even number of mirrors provides imaging from the input to 
the output plane. Using reflector pairs with different focal 
length (Gaussian beam telescope), a magnification M = F2/Fl 
= W02/WOl can be introduced. This feature can be used to 
transmit more complex fields. e.g. to image the power dis-
tribution on a gyrotron window to the torus window. More-
over, for gyrotron beams with timely variation of the direc-
tion of the beam, an imaging BWG still provides transmis-
sion of the power to the torus window, as long as the size 
of the mirrors is sufficiently large. As imaging is indepen-
dent of wavelength, all BWGs with imaging characteristics 
are broadband. 
At the end of the corrugated waveguides in the LHD hall, 
it is assumed that a Gaussian beam is excited with a waist 
of radius Wo = 28.6 mm2). Further it is expected that some 
spurious modes have been generated in the long transmis-
sion lines. At least the very low order modes exited by mis-
alignment of the waveguide have a low beam divergence and 
therefore can contribute to heating. If these modes are out 
of phase with respect to TEMoo at the torus window, a pat-
tern broadening occurs with relatively high beam truncation 
losses at the window. Moreover, high edge fields can lead to 
arcing. Therefore, all proposed solutions provide imaging of 
the waveguide aperture to the torus window. Due to the lim-
ited alignment accuracy, which is expected to be typically ~ 
6 mm on the torus window, all solutions have a magnification 
factor slightly less than one. The ideal value for the beam ra-
dius on the window seems to be w = 25 mm, i.e. the BWG 
should have a magnification factor of 0.87. For this radius, 
only low truncation losses are expected, as a pure Gaussian 
beam would be truncated by only 0.18· % if the low order 
modes suffer only low attenuation to establish an image of 
the microwave distribution in the waveguide aperture on the 
window, then this image is completely located on the window 
within the alignment tolerance. On the other hand, a smaller 
radius leads to higher loading of the BN windows and thus 
limitation of the pulse length as well as to coupling (and fur-
ther truncation) losses to the antenna beam. To limit this loss 
to 1 %, a beam radius of 26 ... 27 mm is taken in the design 
of the BWGs as a compromise. 
The BWGs under discussion have been designed to al-
low easy integration into the existing structure used for the 
waveguide runs. It is assumed that the waveguide end is at 
or near the position of the last mitre bend connected to the 
waveguide-bridge, and that the torus window remains at its 
position. An optimal example of BWG design consists of 5 
mirrors, M4 being plane, Ml, M2, M3 and M5 being focus-
ing. A sketch is given in Fig. 1. The design provides imag-
ing from waveguide aperture to window, M2 to M5, with an 
intermediate image in front of M3. The maximum beam di-
ameter is 230 mm, the beam waist on the window is Wo = 
26.3 mm. 
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Figure 1: Schematic diagram of beam waveguide system in 
LHD 
References 
1) Idei, H., et al. Annual Report of NIPS (2001-2002) 
2) Ohkubo, K., et al. Int. J. Infrared Millimeter Waves 
18(1997)23. 
121 
